Abstract-The Focusing Optics X-ray Solar Imager (FOXSI) is a NASA sounding rocket mission which will study particle acceleration and coronal heating on the Sun through unprecedented high-resolution imaging in the hard X-ray energy band (5-15 keV). Energy release occurring in the quiet region of the Sun may potentially play an important role in the coronal heating mechanism. With a combination of high-resolution focusing Xray optics and fine-pitch imaging sensors, FOXSI will achieve superior sensitivity; two orders of magnitude better than that of the RHESSI satellite. FOXSI requires the spectral capability down to 5 keV, which requires a development of a new ASIC and detector with a better energy resolution. We plan to use a Doublesided Si Strip Detector (DSSD) with a low-noise front-end ASIC as the FOXSI focal plane detector, which will fulfill the scientific requirements on the spatial resolution, energy resolution, lower threshold energy and time resolution. We have designed and fabricated a DSSD with a thickness of 500 μm and a dimension of 9.6 mm×9.6 mm, containing 128 strips separated by a pitch of 75 μm, which corresponds to 8 arcsec at the focal length of 2 m. The DSSD was successfully operated in a laboratory experiment. Under a temperature of −20
I. INTRODUCTION
I N solar flares, it is well known that electrons and ions in the solar corona are accelerated to high energy [1] . Accelerated particles have non-thermal distributions, and emit non-thermal Hard X-Ray (HXR) first by bremsstrahlung process. Therefore, non-thermal HXR emissions from the Sun directly represent the features of the accelerated particles, and HXR observations are inevitable tools for studying particle acceleration in solar flares.
Great HXR observations were carried out by such as the Hard X-ray Telescope (HXT) onboard the Yohkoh satellite [2] and the Reuven Rematy High Spectroscopic Imager (RHESSI) satellite [3] . The instruments onboard these satellites are modulation collimators for HXR imaging and spectroscopy [4] . Their observations revealed the spatial structures of particle accelerations in solar flares, and the highlight of the observations is the flare with a HXR source on the top of the magnetic loop, well known as "Masuda flare [5] ." Large flares such as GOES class C, M or X, and several microflares were observed by these instruments, however, modulation collimators have a limitation for its sensitivity and dynamic range. Flares with smaller scales, such as nanoflares are thought to contribute coronal heating [6] . Even events in the quiet region of the Sun may potentially play an important role in the coronal heating mechanism.
Instead of modulation collimators, HXR focusing and imaging are thought to be promising methods for future observations. With HXR focusing optics and a focal plane detector with a small volume, signal-to-noise ratio can be improved drastically. By using this method, we plan to have a rocket observation mission, the Focusing Optics X-ray Solar Imager (FOXSI). In this mission we will observe HXR activities in the quiet region of the Sun in a duration of 5 minutes. With a combination of high-resolution focusing X-ray optics and finepitch imaging sensors, superior sensitivity such as two orders of magnitude better than that of RHESSI will be achieved. FOXSI is to be launched at 2010, from White Sands Test Facility of NASA, USA.
II. MISSION OVERVIEW
FOXSI is a NASA Low Cost Access to Space sounding rocket experiment to observe the quiet region of the Sun. Main purpose of FOXSI is to detect non-thermal radiations of nanoflares in the HXR band of 5-15 keV. By using highresolution focusing X-ray optics and imaging detectors with high energy and position resolutions, the high sensitivity and angular resolution are expected to be achieved. FOXSI will achieve the sensitivity of 100 times better than that of the RHESSI satellite. FIg. 1 shows shcematics of the payload design. 7 units of HXR focusing optics and 7 units of focal plane detectors are arranged with the focal plane of 2 m. The angular resolution will be ∼ 12 arcseconds. Table I shows an overview of FOXSI. A group of Marshall Space Flight Center (MSFC) is responsible for design and development of focusing optics, and a group of Institute of Space and Astronautical Science (ISAS) in Japan is responsible for design and development of a focal plane detector.
The focusing optics of FOXSI is grazing incidence telescope with a geometrical configuration of Wolter I. MSFC developed high polished mandrel form, by which significant effective area can be provided in the HXR range. This new technique was originally developed for the HERO balloon mission for HXR astronomy, and demonstrated successfully [8] . By this technique, focusing optics for FOXSI can achieve a high angular resolution of 12 arcseconds and a good effective area of ∼14 cm 2 up to 15 keV. For focal plane detectors, high position and energy resolutions are needed for spatially resolved observations of each nanoflares and low energy observations from ∼5 keV. To detect nanoflares with typical durations such as a few tens of seconds, detectors are required to accept high count rate such as ∼100 count/s/detector without pile-up. Therefore, detector readout systems with a high time resolution are needed instead of a charge-coupled device. We plan to use a Double-sided Silicon Strip Detector (DSSD) [9] [10] as the FOXSI focal plane detector, which will fulfill the scientific requirements on the spatial resolution, energy resolution, lower threshold energy, and time resolution. DSSDs are originally developed at ISAS and also planned to be used for Hard X-ray Imagers for the Astro-H mission [11] [12] in Japan.
III. THE DESIGN OF THE FOCAL PLANE DETECTOR
To take advantage of the good angular resolution of 12 arcseconds of the focusing optics, we designed and fabricated fine-pitch DSSDs for FOXSI. The highly doped positively doped (p + ) silicon strips (p-side) and the negatively doped (n + ) silicon strips (n-side) are implanted orthogonally on the n-type silicon wafer (n-bulk). Each n-side strip is surrounded by a floating p + -doped implantation (p-stop) to be isolated from any adjacent strips. Aluminum electrodes are directly coupled on each strip with ohmic contact. The p-stops are DC-coupled to aluminum electrodes to minimize the resistance since it generates Johnson noise. The active area is 9.6 mm×9.6 mm and the number of strips is 128 for both sides, which provide positional information of 128×128=16384 pixels by reading out only 128+128 = 256 channels. The strip pitch is 75 μm, corresponding to an angular resolution of 8 arcseconds at the focal length of 2 m. The thickness is 500 μm, which has photoabsorption efficiencies of 98 % for 10 keV and 68 % for 15 keV. Guardring electrodes with a width of 100 μm are implemented on both sides to block the leakage current from periphery. Fig. 2 shows a photo of the FOXSI DSSD.
IV. THE LOW NOISE FRONT END ASIC VATA451
To achieve good energy resolutions and low threshold energy, a 64-channel analog ASIC, VATA451, has been developed by ISAS, KIPAC and IDEAS for the FOXSI mission. Each channel of the analog circuit consists of a chargesensitive amplifier and shaping amplifiers made up of a VA section for generating triggers and a TA section for sample and hold [13] . A Wilkinson-type analog-to-digial convertor, by which all channels can be digitized in parallel, is also included in VATA451. A common-mode noise calculator is also built into the ASIC. Common-mode noise, which is a noise component common to all channels of a ASIC for each event, can be obtained by using median values of signals from all channels for each event. Fig. 3 shows a function block diagram of VATA451. A time constant of the shaping amplifier of a VA section can be adjusted from 2 μs to 4μs, and that of a TA section can be set to 0.6 μs or 1.2 μs.
VATA451 is designed to minimize the noise for an input capacitance of 5 pF and a leakage current of 10 pA within a power constraint of 1 mW/channel, resulting in an equivalent noise charge of 64 e − (RMS) for such input loads. Two ASICs on both sides are used to readout a FOXSI DSSD. To connect from the DSSD to the ASICs, we wirebonded each strips of the detector and readout pads of the ASICs. Fig. 4 is a photo of an experimental setup. Spectra from p-side and n-side were obtained with the use of a 241 Am radioactive isotope source. Events from 125 out of 128 strips of the p-side and 121 out of 128 strips for the n-side were used for a following analysis. We selected the events by the condition, in which only a signal from one strip is greater than the threshold of 5 keV in p-side and only a signal from one strip is greater than 5 keV in nside. This event selection suppresses events with more than one interactions or any charge sharing between two adjacent strips.
The sum of spectra for all strips of p-side (red lines) and n-side (blue lines) are shown in Fig. 5 . The energy resolutions of p-side and n-side were measured to be 980 eV and 2.4 keV (FWHM) at 14 keV. Therefore, it is confirmed that the energy resolutions fulfill the mission requirement. Fig. 6 shows a shadow image of 1 mm pitch tungsten slit using X-ray from 133 Ba in a energy band from 20 to 40 keV. The width of the slit is 100 μm. Capabilities of fine-pitch imaging and spectroscopy are successfully demonstrated.
VI. CONCLUSIONS
FOXSI is a sounding rocket mission which will observe the Sun in the hard X-ray energy band of 5-15 keV by using X-ray focusing optics and a semiconductor imaging detector. We plan to use a fine-pitch and low noise DSSD as the FOXSI focal plane detector, which will fulfill the scientific requirements on the spatial resolution, energy resolution, lower threshold energy and time resolution. We designed and fabricated a DSSD with a thickness of 500 μm, and a dimension of 9.6×9.6 mm containing 128 strips separated by a pitch of 75 μm, which corresponds to 8 arcsec at the focal length of 2 m. The DSSD was successfully operated in laboratory experiment. Under a temperature of −20
• C and a bias voltage of 250 V, we obtained spectra from p-side and n-side. The energy resolutions were measured to be 980 eV for p-side and 2.4 keV for n-side at 14 keV, satisfying the FOXSI mission requirement. We also obtained a shadow image successfully, and demonstrated capabilities of fine-pitch imaging and spectroscopy. 
